After participating in this activity, the participant should be better able to:
I n recent years, several studies have reported a high incidence of sepsis in the general population that appears to be increasing over time. In the United States from 1979 to 2000, there was an increasing annual incidence of sepsis from 82.7 cases per 100,000 person-years to 240.4 cases per 100,000 person-years (1) . In Spain, the incidence of sepsis is 367 cases per 100,000 person-years (2) . In addition, sepsis is more severe than it was 15 yrs ago. Dombrovskiy et al (3) found that the percentage of cases with more than one organ failure among all sepsis cases increased continuously from 25.6% in 1993 to 43.8% in 2003. In the recent panEuropean Sepsis Occurrence in Acutely Ill Patients study (4) , 25% of patients admitted to the intensive care units (ICUs) had sepsis on admission, and mortality was 54% when septic shock was present. Similar results have been reported in Spain (5) .
At present, early identification and appropriate treatment of patients with severe sepsis are the key for reducing mortality (6) . This has been the primary goal of the Surviving Sepsis Campaign (SSC) Guidelines (7), a plan to reduce severe sepsis mortality by 25% by 2009. For improving sepsis care, both the SSC and the Institute for Healthcare Improvement recommend implementing a 6-hr resuscitation bundle including lactate determination, early cultures and antibiotics, and early goal-directed therapy, as well as a first 24-hr management bundle including optimization of glycemic control, respiratory inspiratory plateau pressure, and administration of corticosteroids or activated protein C to selected cases (8) . A few studies (9 -16) have suggested outcome benefits in small samples of patients when providing the level of care recommended by the SSC guidelines. Most of these studies were undertaken at the emergency department by means of various protocols generally based on the 6-hr resuscitation bundle, so the 24-hr management bundle has barely been assessed. At present, it remains unclear if the effectiveness of the bundles depends more on some elements rather than others, or whether it may be necessary to apply the complete protocol. We therefore performed a prospective singlecenter study to describe the effectiveness of the SSC bundles with regard to both implementation and outcome in a heterogeneous cohort of patients with septic shock admitted to the medical-surgical ICU and to determine the contribution of the various elements of the bundles to the outcome.
MATERIALS AND METHODS

Setting and Design
The study was performed in a 30-bed adult intensive care department of the Marqués de Valdecilla University Hospital in Spain. This department consists of two general medical and surgical units and a neurotrauma unit.
This was a quasi-experimental prospective study that included a postintervention group and a historical comparison group. An educational program based on the SSC guidelines was implemented over a 3-mo period (JuneAugust 2005), during which no patient data were collected. Eligible patients to be included in the postintervention group were all consecutive adult patients, age 17 or older, and admitted to the ICU meeting criteria for septic shock over a 3-yr period after the implementation of the educational program (September 2005-August 2008). The historical comparison group included all consecutive patients with septic shock admitted to the ICU over a 12-month period before the implementation of the educational program (June 2004 -May 2005). To more accurately assess the impact of the sepsis bundles on hospital outcomes, patients admitted to the ICU who had cardiac arrest before ICU admission were excluded. Patients who had septic shock because of an ICU-acquired infection and those with severe sepsis who did not have septic shock were not included in the study. Severe sepsis and septic shock were defined according to the 2001 International Sepsis Definitions Conference (17) . The Ethics Committee of the hospital approved the study and waived the need for patients' written informed consent.
A hospital-wide quality improvement program based on the implementation of the SSC guidelines was developed. One main element was education, consisting of training physicians and nursing staff in the early recognition of severe sepsis and septic shock, and the interventions included in the guidelines. Conference lectures, teaching sessions, posters, and pocket cards with the sepsis definitions and the SSC bundles were provided in the emergency, surgery, internal medicine, gynecology and obstetrics, anesthesia, and intensive care departments. All teaching material was also available from the intranet. A second main element was the "sepsis profile," which is an optional tool to facilitate an early diagnosis of sepsis/severe sepsis comprising two blood cultures, venous lactate, hemogram, platelets, basic biochemistry, creatinine, bilirubin, C-reactive protein, procalcitonin, and an optional arterial and/or central venous blood gas analysis. A third element was repeated audit and feedback during the first study year. A fourth element was an educational refresher program, which was established in October 2007, and that included a daily visit from an intensive care specialist from the research team to the emergency department for educational purposes, audit, and bedside feedback.
Patient Management
A "sepsis profile" would be requested if there was a documented or suspected infection with two or more of the following criteria: temperature Ͼ38.3°C or Ͻ36°C, heart rate Ͼ90 beats/min, respiration Ͼ20 breaths/min, white blood cell count Ͼ12,000 or Ͻ4000/ mm 3 , or Ͼ10% immature forms. If the clinical signs and laboratory data suggested the presence of at least one organ disfunction and/or hyperlactatemia (severe sepsis), then immediate starting of the 6-hr resuscitation bundle (Table 1 ) and urgent consultation to the ICU were recommended. In our institution, the early goal-directed therapy protocol and the 24-hr management bundle are delivered exclusively in the ICU.
Variables
The clinical and demographic characteristics of all patients, including age, gender, comorbidities, Acute Physiology and Chronic Health Evaluation II score at 24 hrs, Sequential Organ Failure Assessment score at admission, location before ICU admission, source of infection, sepsis category, and organ dysfunction at ICU admission, were recorded.
We defined "time zero" as the time meeting criteria for initiation of the specific intervention. Time zero to obtain lactate, blood cultures, and antibiotic therapy was considered the moment when the patient first met the severe sepsis criteria. Time zero to initiate the early goal-directed therapy was set when hypotension appeared. Time zero was determined by searching the clinical documentation for the time of diagnosis of severe sepsis and for the time of first appearance of hypotension, respectively. This included the assessments at the emergency department, timed and dated physician's notes or nursing staff reports, bedside flow sheets, and the results of tests requested before ICU admission. If no time and date could be found, then the default time zero was the time of admission to the ICU.
Time from severe sepsis presentation to serum lactate measurement, blood culture extraction, administration of broad spectrum antibiotics, and ICU admission were recorded, as well as time from hypotension presentation to administration of 500 to 1000 mL intravenous fluids, achievement of central venous pressure Ն8 mm Hg, central venous oxygen saturation (ScvO 2 ) of Ͼ70%, and mean arterial pressure of Ն65 mm Hg. Times from septic shock presentation to administration of steroids and activated protein C infusion were also recorded. Compliance with each single intervention was considered as having been achieved if it was accomplished within its specific time limits (Table 1) .
Outcome Assessment
The primary outcome variable was inhospital mortality. Secondary outcome variables included ICU mortality, hospital length of stay, ICU length of stay, and compliance (yes/no) for each sepsis bundle and for each single intervention. Bundle interventions included the seven tasks grouped in the 6-hr sepsis resuscitation bundle and the four tasks grouped in the 24-hr sepsis management bundle.
Data Collection
All ICU admissions were actively screened for the presence of severe sepsis/septic shock. One of the investigators (LAG-A) made daily rounds to all study patients, recording relevant data from the medical records and the bedside flow sheets. A second investigator (BS) checked data for completeness, accuracy, and uniformity. Demographical data of the historical group were obtained from the ICU database and time delay of the various interventions from time zero was calculated from the records review.
Statistical Analysis
The data are presented as means Ϯ SD. To compare continuous variables, the Student's t test, the Mann-Whitney U test, or the KruskalWallis test were used as appropriate. To compare categorical variables, the Chi-squared test was used. All tests were two-tailed, and p Ͻ .05 was predetermined to define statistical significance. The standardized mortality ratio was calculated as the ratio of the observed hospital mortality to the predicted hospital mortality, in which the probability of hospital death was calculated using the Acute Physiology and Chronic Health Evaluation II score.
To assess the impact of the bundles on mortality, odds ratios (ORs) and their 95% confidence intervals (CIs) were estimated. Multiple risk factor-adjusted ORs were estimated by means of logistic regression. To determine variables to be included in multivariate logistic regression analysis, the procedure described by Sun et al (18) was followed. Intermediate variables were discarded. We performed two stepwise models, one backward and another forward, allowing the entry of variables with p Ͻ .2 (19, 20) . We made a list of predictors of mortality identified in other studies. With information from stepwise models and the list of predictors, a saturated model was built and, by using a heuristic approach, variables that did not change the coefficient of the bundles by Ͼ10% were discarded (19) . The objective is to have a parsimonious model retaining all important confounders. Both Acute Physiology and Chronic Health Evaluation II and Sequential Organ Failure Assessment were identified as important confounding factors. Because these indices show a high correlation between them, we estimated the residuals of Sequential Organ Failure Assessment (that is, the part of the index unrelated to Acute Physiology and Chronic Health Evaluation II), and then we introduced in all multivariate analyses. All analyses were conducted using SPSS version 15.0 (SPSS, Chicago, IL).
RESULTS
Comparison of Intervention Group with Historical Group
In the intervention group, a total of 384 consecutive patients with septic shock were prospectively evaluated over a 3-yr period after the implementation of the SSC guidelines. Three patients who had pre-ICU cardiac arrest were excluded. Patient characteristics are shown in Table 2 .
The historical group included 96 patients with septic shock. There were eight patients excluded because missing data (five deaths). Patients in the historical group showed a greater ICU admission delay (11.7 Ϯ 13.5 vs. 9.2 Ϯ 14.4 hrs; p Ͻ.001), came more frequently from medical wards (33.3% vs. 19.8%; p ϭ .013), and showed higher Sequential Organ Failure Assessment scores at admission (10.2 Ϯ 3.2 vs. 9.4 Ϯ 3.2; p ϭ .036) compared with patients of the intervention group.
The compliance with the SSC bundles in the historical group was clearly lower than that in the intervention group (Table 2). The mean number of interventions accomplished for the 6-hr resuscitation bundle was 3.6 Ϯ 0.14 vs. 4.7 Ϯ 0.08 in the intervention group (p Ͻ.001). The same occurred for the 24-hr management bundle (1.3 Ϯ 0.1 vs. 1.7 Ϯ 0.1; p Ͻ.001). Table 1 . Sepsis bundles definitions and compliance criteria 6-hr resuscitation bundle 1. Serum lactate measured as early as possible from the time of severe sepsis presentation 2. Obtain blood cultures before antibiotic administration 3. From the time of severe sepsis presentation, broad-spectrum antibiotics administered within 3 hrs for emergency department admissions and 1 hr for nonemergency department intensive care unit admissions In the event of hypotension 4. Deliver an initial minimum of 500-1000 mL of crystalloid (or colloid equivalent) over a 30-min period In the event of persistent hypotension despite fluid resuscitation (septic shock) 5. Achieve and maintain mean arterial pressure Ն65 mm Hg 6. Achieve central venous pressure of Ն8 mm Hg 7. Achieve central venous oxygen saturation of Ն70%
• Compliance with intervention 1 was considered as having been achieved if it was accomplished within 6 hrs from severe sepsis presentation • Compliance with interventions 2 and 3 was considered as having been achieved if they were accomplished within the time limits described from the time of severe sepsis presentation • Compliance with interventions 4, 5, 6, and 7 was considered as having been achieved if they were accomplished within 6 hrs from hypotension presentation • Compliance with the 6-hr resuscitation bundle was considered as having been achieved if the 7 interventions described in the bundle were accomplished within the specific time limits of each single intervention 24-hr management bundle 1. Administer intravenous hydrocortisone 300 mg/day for 7 days in 3 divided doses to patients with refractory hypotension despite adequate fluid replacement and vasopressors 2. Administer protein C activated (drotrecogin alfa) to patients with septic shock, Ն2 sepsisinduced organ failures, and no contraindications 3. Maintain glucose control greater than lower limit of normal but the median value Ͻ150 mg/dL (8.3 mmol/L) 4. Maintain the median value of inspiratory plateau pressures Ͻ30 cm H 2 O for mechanically ventilated patients
Compliance with the 24-hr management bundle was considered as having been achieved if the four interventions described in the bundle were obtained during the first 24 hrs from septic shock presentation.
Patients 
, and the length of stay at the ICU was reduced by 2.6 days from 11.0 Ϯ 9.5 in the pre-implementation group to 8.4 Ϯ 9.8 in the intervention group (p ϭ .004).
Compliance With the Bundles and Outcome
Only 44 patients (one in the control group and 43 in the intervention group) completed the seven tasks of the 6-hr resuscitation bundle. We assessed the influence of bundles compliance on mortality counting the number of completed tasks. The number of patients with zero tasks was very low (unstable reference category), and the mortality was rather stable for categories one through four (Table 3) ; thus, we decided to choose, as reference, patients with four or less tasks. More than four tasks completed were associated with a reduced risk of mortality; whereas borderline statistical signification was achieved for the whole bundle completed (the number of patients in this group was low). The trend in the reduction of risk was highly significant (p Ͻ.001). When the categories of six and seven tasks performed were grouped together, the adjusted OR yielded a figure of 0.30 (95% CI, 0.17-0.53; p Ͻ.001).
Regarding the 24-hr management bundle, the number of patients in the extreme categories (zero and four tasks completed) was low (Table 3) ; thus, we decided to group them with the adjacent strata. In raw analysis, a clear reduction in mortality was seen in the two-task group, although it disappeared in multivariate analysis. When three to four tasks were performed, multivariate analysis yielded an OR of borderline statistical significance. The multivariate trend analysis revealed a significant risk reduction (p ϭ .048). There were significant differences in compliance with the sepsis bundles and mortality depending on the location of the patient before ICU admission (Table 4) .
Influence on Mortality of the Different Bundle Interventions
Regarding the 6-hr resuscitation bundle, the deletion of each single intervention did not result in a loss of the statistical significance of the rest of the bundle in the reduction of mortality risk ( Table  5 ). The only intervention that achieved statistical significance in multivariate logistic regression was the accomplishment of ScvO 2 Ն70%.
For the 24-hr management bundle, the removal of each single intervention yielded nonsignificant ORs for the rest of the bundle in all multivariate analyses. No single intervention achieved statistical significance in the prediction of mortality in multivariate analyses.
DISCUSSION
The hospital-wide implementation of the SSC bundles was associated with an absolute decrease in mortality and length of stay in patients with septic shock. Hospital mortality in the SSC group was 37.5%, which is significantly lower than 57.3% mortality found in the historical group. This difference remained significant after adjusting for several independent clinical predictors of death. The inhospital mortality of septic shock in the historical group was high, but similar to that reported in recent studies (4, 5) .
After the educational program, compliance with the 6-hr resuscitation bundle increased from 1% baseline to 11.3%. This outcome is similar to that of the Edusepsis study (21) and lower than the reported by Nguyen et al (14) . In contrast to these studies, most of our patients came from other hospitals and from medical and surgical wards; furthermore, we used different time zero criteria and a higher number of interventions.
To our knowledge, this is the largest study so far evaluating during a 3-yr period the implementation and clinical effectiveness of the SSC bundles on a heterogeneous group of patients with septic shock requiring ICU admission. Previous studies report results ranging from a slight trend toward improving survival (9) to a significant reduction of absolute mortality (11) (12) (13) (14) (15) (16) . These studies differ from the present report in that they focused on the emergency department population, used different protocols, and included a significant number of patients with severe sepsis who usually need less aggressive resuscitation and have lower mortality than those with septic shock. The present study strengthens the findings of previous reports and contributes to new information. First, a change in the profile of the patients admitted to the ICU was observed. In the pre-implementation period, the patients admitted to the ICU were more seriously ill and came from medical wards more frequently. The SSC implementation might have contributed to an early recognition of septic patients at the emergency department and their immediate admission to the ICU with no transferal from medical wards, which was associated with higher protocol adherence, lower utilization of mechanical ventilation, higher survival, and lower standardized mortality ratio compared with the historical group and with other sources of admission. Because the ICU admission delay varied according to the location of the patient before ICU admission, we can speculate that this factor could explain the differences we have found in compliance and outcomes among the various sources of admission. Overall, the greater intensity of the educational program in the emergency department might have contributed to all these differences. However, the study was not designed to address this issue. Second, although the delivery of the whole bundles was disappointing, it should be noted that it might not be strictly necessary to complete all the tasks to obtain benefits, because survival improved significantly as the number of interventions received within the time limits increased. The accomplishment of more than four interventions (any of them) of the 6-hr resuscitation bundle was associated with a reduced risk of mortality; the highest probability of survival was observed in patients compliant with six or more interventions. When the interventions were removed one-by-one from the model, the rest of the bundle still maintained the protective effect on survival with statisti- cal significance. Our findings support, for the first time to our knowledge, the accumulated benefit of the combined use of the different individual components of the bundle. Third, with regard to the relative contributions of the various elements of the bundle, the greatest benefit was obtained when ScvO 2 Ն70% was achieved within 6 hrs from hypotension presentation. It was the only single intervention that maintained the predictive value of survival independently of the other interventions. Although controversial, it is the only parameter that has been validated as a resuscitation target in the early phase of severe sepsis. In a randomized trial (6) , the maintenance of a ScvO 2 Ն70% resulted in an absolute reduction of 16% in hospital mortality. Although this strategy has not been widely validated, numerous reports support its use in septic shock treatment (22) .
Regarding a likely benefit from the application of the 24-hr management bundle, there is still great uncertainty. So far, only two small studies by Gao et al (10) and Zambon et al (23) reported a decrease in mortality in compliant patients compared to the noncompliant, but the differences were not statistically significant. In our study, plateau pressure control was maintained in 82% of mechanically ventilated patients, 24% of the patients received low-dose corticosteroids, and 57% received glucose control. As in other published studies (9, 13, 14, 21) , the use of activated protein C was infrequent (4% of the eligible patients). Disagreement with interpretation of the first clinical trials (24 -26) and the results from later studies (27) (28) (29) that showed a more unfavorable risk-to-benefit ratio than expected in relation to these treatments might be the origin of their limited clinical use in our ICUs. However, despite the low adherence to the bundle, the multivariate trend analysis showed a significant risk of mortality reduction; therefore, it is possible that improvements in these areas might help to increase survival even more.
This study has several limitations. First, the design reduces the ability to make a causal connection between the implementation of the SSC bundles and reduced mortality rates of septic shock.
A lower severity of intervention group with respect to the historical group may contribute toward explaining the differences in mortality found between both groups. However, the differences remained significant after controlling for confounding factors in the multivariate logistic regression analysis. A cluster randomized trial including hospitals with and without an SSC program would provide better scientific evidence; however, because of the widespread dissemination of SSC guidelines throughout Spain hospitals (21) , it may be difficult to perform such a trial in our country. The second limitation is the possibility of temporal trends in mortality to bias our results. We believe this source of bias may have been small because the decrease in mortality was sharp, baseline patients' characteristics were similar, and the study period was 4 yrs. Another limitation is that because this is a single-center study, the results must be carefully interpreted if they are to be extrapolated to other centers. However, the results are consistent with those reported by other investiga- tors (9 -16, 21) , suggesting that these findings can be extended to other populations. Finally, because the intervention was on the bundles as a whole, it is difficult for any analysis to establish what set of practices is more important. Furthermore, we lack statistical power to answer this goal.
CONCLUSIONS
The implementation of the SSC guidelines was associated with a significant decrease in mortality and length of stay in patients with septic shock. The benefits depend on the number of interventions accomplished within the time limits. The highest probability of survival was observed in patients compliant with six or more interventions of the 6-hr resuscitation bundle. The most important single intervention was the achievement of ScvO 2 Ն70%. a Adjusted for residuals of Sequential Organ Failure Assessment score, Acute Physiology and Chronic Health Evaluation II score, age, location before intensive care unit admission, sepsis category at intensive care unit admission, and mechanical ventilation; b in the model the number of the other tasks accomplished was included as a continuous variable; the odds ratio gives an estimation of the mean decrease in mortality risk for each task.
